Introduction. This paper is the continuation of a previous paper [1] , which concerned the behavior and damage propagation under static loading of three sandwich composite materials and their components [skins and polyvinyl chloride (PVC) cores]. The static tests provide the characteristics necessary for performing fatigue tests, results of which are presented in this paper.
Materials and Experimental Procedure. Two types of sandwich materials with different kinds of cores were investigated. The skins were cross-ply laminates ( ) 0 90 2 2 s consisting of unidirectional glass fibre fabric with a surface density of 300 g/m 2 and epoxy resin SR 1500/SD whose principal characteristics are given in [1] . Two similar types of PVC foam of different density were used. A Herex C70 55 and a C70 75 foams were expanded PVC provided by the Airex company and marketed by SICOMIN company in panels of 15 and 25 mm thickness. The two foams used were different in density: 60 kg/m 3 for the Herex C70 55 and 80 kg/m 3 for the Herex C70 75. The diameter of the pores varied between 620 and 880 μm for the C70 55 and between 280 and 500 μm for the C70 75. The sandwich manufacturing was carried out at the laboratory using a vacuum bag moulding technique. The manufacture of the sandwich, the skins and the joining of the core, was carried out at the same time with the laying up of the skin plies and then by interposing the core and the second skin. The sandwich was impregnated at room temperature, and then vacuumed at a pressure of 30 kPa for 10 hours inside the mould. Prior to tests, the plates were left at room temperature for 2 to 3 weeks, in order to provide a complete polymerization of the epoxy resin.
The specimens (foams, skins, and sandwich) were cut out using a diamond saw from plates of 300 300 mm according to ASTM C393-00 standard. Sandwich SD 1 and SD 2 have the same core thickness of 15 mm; they are differentiated by the foam core density. The same foam (C70 75) core is used for SD 2 and SD 3; the only difference being the core thicknesses, which were 15 and 25 mm, respectively.
Testing of the specimens was performed, where the applied load was monitored with a 5 kN load cell, the displacement by a LVDT sensor, and the deformation using an extensometer. The supports were of cylindrical shape of 10 mm diameter for the two lower supports and 15 mm for the central support. A minimum of five tests was carried out for each type of specimen, the loading rates in the static tests being 5 mm/min for the foam core and the sandwiches, and 2 mm/min for the skins.
Fatigue tests were carried out in three-point bending using a universal hydraulic monotonic testing machine (INSTRON model 8516 of capacity ±100 kN) whose control and data acquisition were performed by a computer. The displacement control with a sinusoidal wave form of a frequency of 5 Hz has been provided. The mean displacement (d mean ) was maintained constant and equal to 50% of ultimate failure displacement at static test (d r ). The ratio of the distance between the supports to the thickness of the specimen l h was 15.
Fatigue tests included several loading levels
, which represent the ratio of the maximum displacement to the ultimate failure displacement at static test varying from 0.95 to 0.55.
Results of the Fatigue Tests. The analysis of stiffness degradation constitutes one of the methods most widely used to follow the progression of the damage by fatigue of the composites. During these tests, the evolution of the maximum loading F versus the number of cycles N has been recorded. The maximum loading F was normalized to that obtained at the first cycle F 0 .
The results obtained show that the stiffness degradation until specimens' failure preceded in three phases ( Fig. 1): i) initially, a sharp reduction of the stiffness (F F 0 ) appeared at the first cycles; ii) the reduction becomes rather slow in the second phase, corresponding to the near total consumption of the fatigue life of the specimens;
iii) finally, in the third (very short) phase, the loss of rigidity accelerated rapidly until the specimen failure. This behavior was common for all investigated sandwich specimens. It has also been observed that the stiffness degradation (F F 0 ) of the sandwich specimen SD 1 having the less dense foam core was faster than that of sandwich specimen SD 2.
Figures 2-4 represent the evolution of F F 0 versus number of cycles N for SD 1, SD 2, and SD 3, respectively, for various levels of loading r d . The analysis of these results shows that the behavior until failure, under fatigue tests, proceeded in three phases and depended on the level of loading and the type of foam core. For significant levels of loading r d , total failure was obtained at the end of only a few hundreds of cycles, whereas for low values of r d failure was only partial even for up to 10 6 cycles. 
